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PLATES XXVII-XXX. 
Much is  now known of the behavior of transplantable  tumors in 
the new host,  of the conditions  which regulate  transplantation,  and 
of the phenomena immediately concerned in growth or death of the 
introduced neoplasm; but  there  have been few attempts to determine 
what is  here peculiar  to  tumor, as apart  from that  common to  trans- 
planted tissues  in  general.  L. Loeb  2  has recognized the problem as 
important, and in a series  of papers has dealt with some  of the 
points  involved: his work on the experimental production of decid- 
uomata is of special  note.  More  recently  Sch~ne  3 has attempted 
an experimental  comparison  of tumor-growth  and tissue-growth. 
But the method  he employed,  namely,  the transfer of skin from 
the  back of one mouse to  another,  proved ineffective,  since  the graft 
was seldom successful  except  on a blood-related  individual.  Bash- 
ford  4 in summing  up our present  knowledge of cancer points out 
that there exists a considerable  parallel  between its behavior  and 
that  of normal tissue.  Yet when all  is  said,  the new facts  learnt  by 
tumor-transplantation remain to-day in large  part  isolated.  Their 
relation  to the facts  of tissue-transplantation  has not been worked 
out. 
For comparative experiments to this end it would seem advisable 
to use a normal tissue, which, when introdu.ced into a new host, will 
1 Received for publication  February  I,  191o. 
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not only gain a  foot-hold but will grow, at least  for a  time.  Only 
so  can  be tested  the  general  laws  regulating  tissue-growth  in  the 
new environment,  as well as those having to do with the  success of 
transplantation.  For such reason I  have made use in the following 
experiments  of  material  obtained  from  embryos. 
That embryonic tissue when introduced into a new host will grow 
for a  period is well known, and it has also been abundantly proven 
that  sooner  or  later  growth  ceases  and  retrogression  ensues.  No 
unlimited  growth such  as  is characteristic  of true  tumors has been 
observed;  and  this  despite  the  fact  that  to  produce  such  a  phe- 
nomenon  has  been  the  goal  of  nearly  all  workers  with  embryonic 
material  from  Zahn 5 in  I879  ,  to  Petrow  6 and  Neuhauser  7 of the 
present day.  The ability to grow without limit remains  peculiar to 
tumor;  and  a  consideration  of this  special  character  can  enter only 
indirectly into the comparison which  follows. 
For my purposes  the  use of embryos  from  animals  of a  species 
subject  to  transplantable  tumors  was  obviously best,  since  thus  it 
was rendered possible to conduct on one individual parallel observa- 
tions  with  both  tissues.  Practically,  the  choice  lay  between  rats 
and  mice.  But  rat  embryo when  introduced  into  a  new  host  will 
develop  for  as  long  as  six  months  (Askanazy, s  Ficberag),  which 
largely unfits  it  for experimental  uses.  Mouse  embryo, as  I  have 
found, grows for only a  week or ten days when introduced into the 
subcutaneous tissue of another mouse, and retrogression  is so rapid 
that within a month often no trace of it is left.  Further,  its growth 
is  not  great,--usually  to  only three  or  four  times  the  size  of  the 
mass  injected,--which  renders  the  labor of serial  sections compar- 
atively  slight.  In  any  case  a  mass  obtained  by hashing  together 
the  embryos was to be employed; and,  because those  of the  mouse 
are so sinai1,  the mixture of tissues present in each tiny graft  (0.02- 
0.04  cubic centimeters  of the mass)  is more representative  than  is 
an  equal  amount  of  a  mass  made  from  rat-embryos  at  the  same 
developmental period.  For these reasons  mice were decided upon. 
5F.  W.  Zahn, Arch.  f. path.  Anat.  u.  Physiol.,  1884,  cxv,  369. 
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Ill  mouse-embryos  I  to  1.6  centimeters  long  the  bones  are  not 
yet calcified, and  the  tissues  in  general  are  so soft that  even  when 
coarsely  chopped  they  pass  with  ease  through  an  injection-needle 
of  o. 5  to  I  millimeter  bore.  But  they  were  finely  hashed  with 
sterile  knives,  and  carefully  mixed.  No  fluid  was  added.  The 
resulting  mass  could be handled  in  a  small  syringe  with  consider- 
able quantitative  accuracy.  Being semi-solid it remained  "placed " 
after  introduction  into  the  subcutaneous  tissue.  Embryonic  ma- 
terial  from different litters was never mingled. 
When a series of adult, white mice are killed seven days after the 
injection into  each, beneath the skin of the side, of the same quan- 
tity  of  such  a  mass,  great  differences  between  the  grafts  are  ob- 
servable.  In  all  cases  the  implanted  tissue  is  sharply  defined  and 
easily recognizable, adherent to the skin when that  is stripped away 
from the muscle.  But in some animals  it has developed into a  dis- 
crete,  elastic  nodule  that  consists  microscopically  of  small,  clear 
cysts  and  translucent  bits  of  cartilage,  embedded  in  an  abundant 
stroma;  whereas  in  others,  growth  has  failed  to  take  place,  and 
there  is  found  only  a  small  " pocket"  of  opaque  fragments  in  a 
connective-tissue sac.  All gradations  between these extremes  may 
be observed. 
It  is natural  to attribute  such  differences  in  result  to  differences 
in  the  constitution  of  the  original  grafts,  composed,  as  these  are, 
of varying mixture of embryonic tissues.  But the secondary nature 
of this factor is demonstrated when several injections of the embryo 
mass  have  been  made  in  each  animal.  All  the  grafts  in  a  given 
individual  suffer much the same  fate.  They may have grown well 
or they may not have grown at all, but in general  they have varied 
together.  The  following is  an  instance  in  point:- 
Seventeen white mice were injected  subcutaneously on each  side 
with  o.o2  cubic  centimeters  of  an  embryo-mass.  The  injections 
were  made  at  corresponding  points,  and  all  those  on  the  left  side 
were completed before those on the  right  side were begun.  Thus 
the two grafts  in each animal  came  from widely different portions 
of the injection-mass.  After seven days the whole series was killed, 
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TABLE  I. 
Fate  of  Grafts  A  and  B  in  Same  Animal. 
[  I. 
No.  i  I 
I  A 
I  Good growth 
3  Fair  ' ' 
4  Slight  " 
6  Graft dead 
7  **  14 
9  (Hemorrhagic) 
Io  Hemorrhagic cyst 
• ExcellenBgrowth 
Good growth 
Fair  ' ' 
Slight  ' ' 
i Graft dead 
No. 
ii 
I 
2 
3 
4 
5 
6 
7 
....  ii 
~  ~  i ¸ 
Hemorrhagic cyst  I 
II. 
A  B 
Good growth 
Graft dead 
Hemorrhagic cyst 
Excellent growth 
Good  " 
Slight  " 
Excellent  " 
Hemorrhagic cyst 
All  the  animals  were  healthy.  I  have  found  that  a  number  of 
natural  conditions affecting the host,  such as age and  nourishment, 
for  example,  act  to  influence  the  fate  of  the  implanted  material. 
These  conditions  are  dealt  with  in  detail  in  the  latter  part  of this 
paper.  Depending  on  them,  some individuals  are  naturally  resist- 
ant  as  hosts  for implanted  embryo and  others  naturally  favorable. 
Yet  variations  in  the  constitution  of  the  individual  grafts  of 
hashed  mouse-embryo must  of course play some part  in their  fate, 
since  not  all  of the  tissues  going  to  make  up  the  amount  injected 
are  equally  viable.  The  cells  peculiar  to  the  visceral  organs  fail 
to  survive  transplantation,  and  so,  too,  do  the  muscle  and  nerve 
cells.  Cartilage,  squarnous  epithelium  and  connective-tissue  form 
the bulk of the  successful graft, 1°  and their  presence or absence in 
the  implanted  mass  will have much  to  do with  its  fate.  But it so 
happens  that  these  tissues  are  widely  distributed  in  the  embryo 
body,  and  hence  cannot  but  be  present  throughout  a  well-mixed 
hash.  In  grafts  that  have  failed  to  " take"  and  in  which  conse- 
quently all the tissues have died, the cartilage and squamous epithe- 
10 Other  elements in the  mouse-embryo  which  survive transplantation, though 
infrequently,  are  cylindrical  epithelium,  pavement  epithelium  (both  of  these 
forming  cysts  in  the  new  host),  osteoid  tissue  and,  rarely,  cubical  epithelium 
in  acini.  The  connective-tissue  often  contains  fat-cells.  A  detailed  account  of 
the  histological  changes  in  transplanted  embryonic  tissue  does  not  lie  within 
the  scope  of  this  article.  For  that the  extensive literature,  and  more  especially 
the  articles  of  Zahn  (loc.  cit.),  Birch-Hirschfeld  and  Garten  (Beitr.  z.  path. 
Anat.  u. z.  allg.  Path.,  I899,  xxvi,  I32),  and Petrow  (loc.  cit.)  may be consulted. 348  Comparison  of Transplanted  Tumor and Normal  Tissue. 
lium are still easily recognizable.  A  study of many dead grafts has 
assured me that, as a  rule, it is not from lack of such elements that 
failure takes place,  nor is  it because they are placed disadvantage- 
ously,  at  the  center  of  the  injected  mass.  Exceptionally  one  of 
these  causes  may be  active;  but  in  general  the  fate  of  the  graft 
depends on the host. 
The fact that individuals differ as hosts  for transplanted embryo 
has been noted by other workers.  F6r6,11 who experimented with 
chickens, and Petrow, who used guinea-pigs,  refer expressly to the 
variation  in  their  " receptivity."  The  embryonic tissue  of  white 
rats,  as  Askanazy  demonstrated,  grows  well  in  practically  every 
individual of this race into which it may be introduced.  Here the 
differences in  the host are expressed by differences in  size  of  the 
growths.  In the white mouse, as both Petrow and SchSne mention, 
growth of transplanted embryo is an irregular, not a constant result. 
They did not investigate  for the cause of this.  In human beings, 
as surgeons now recognize, the peculiarities of the individual body 
largely determine the success of grafts  of adult tissue. 
The possible relationship between "receptivity"  to normal tissues 
and  " receptivity"  to  tumor  has  not  been  generally  recognized. 
Loeb,  indeed,  several  years  ago  called  attention  to  the  fact  that 
just as some tumors can be successfully transplanted  only into the 
animal in which they originated, so too certain normal tissues  will 
survive  auto-transplantation,  though  not  iso-transplantation.  But 
the comparison might be successfully carried much further.  Indi- 
vidual mice differ greatly as hosts for implanted tumor, but there is 
an  equally great  difference in  their  behavior  as  hosts  for  an  im- 
planted  normal  tissue  capable  of  growth. 
More exists here than an analogy, as becomes evident on a micro- 
scopical  comparison of the grafts.  It  is  well known that  if a  bit 
of normal adult tissue  (Christiani 12)  or of tumor  (Jensen,  13 Bash- 
ford  14)  is transplanted, its periphery remains living for some days, 
while the center of the  fragment,  if  that  be  anything but  minute, 
11 C.  F6r6,  Compt.  rend.  Soc.  de  biol.,  1897, Mix,  988. 
H.  Christiani,  Jour.  de physiol,  et de path.  gdn.,  19o4, vi, 476. 
~3 C.  O. Jensen,  Cent. f. Bakt., Orig., 19o3, xxxiv, ,q.8, 122. 
~ E. F. Bashford  and J.  A. Murray,  Second Scientific Report  of the Imperial 
Cancer Research Fund,  19o5, p.  24. Peyton Rous.  349 
degenerates and dies,  owing to lack of nourishment from the host. 
Loeb in his paper on " Tumor Growth and Tissue Growth ,,25 calls 
attention to  this correspondence in  events. 
But the growth of implanted tumor depends immediately on a re- 
action from the host to give it a  stroma and vascularize it2 6  One 
may ask: Is this likewise true of implanted embryo?  Great stress 
has been laid upon the importance of the reaction in its association 
with  tumor,  because  workers  have  found  that  the  natural  (or 
acquired)  resistance  of  a  host  is  manifested,  not  by  any  direct 
influence upon the tumor-cells that  can be demonstrated, but  by a 
failure  to  produce  the  stroma  essential  to  development  of  the 
neoplasm.  Does  the  resistance of  a  host  to  transplanted  embryo 
involve a  similar phenomenon? 
A  study in serial sections of many grafts removed at short inter- 
vals after their implantation enables me to answer both these ques- 
tions  in the affirmative.  For the active growth of implanted em- 
bryo a supporting reaction on the part of the host's tissue is essen- 
tial.  With the appearance of such a  reaction, the embryonic frag- 
ments are rapidly vascularized; the more hardy ones grow actively; 
an abundant stroma knits  the mass; and at the end of seven days 
there is present a discrete nodule of living tissue, vascularized from 
the  host  (Plate  XXVII,  Fig.  I ),  and  closely  resembling  in  its 
general structure a  successful tumor-graft of the same age  (Plate 
XXVII, Fig.  2,  Plate XXVIII, Fig. 3). 
When  the  embryonic  fragments  have  been  introduced  into  an 
individual unfavorable to their growth,  the  resistance of the host 
is  manifested in  the  failure  to  yield  a  supporting  stroma.  The 
fragments remain loose in the pocket of their injection, and soon 
degenerate and die,  except for a  few bits at the margin in contact 
with the host tissues and presumably nourished by diffusion from 
them.  These  survive  for some  days.  The  resemblance to  what 
happens when a similar "mass" of tumor material is injected into 
an unfavorable individual is most striking  (Plate XXVIII, Fig. 4; 
Plate XXIX,  Fig.  5). 
In more detail the fate of the embryonic material is as follows :-- 
L. Loeb, loc.  cir. 
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At the end of eighteen hours in the subcutaneous tissue of a  new 
host,  favorable or unfavorable, the  fragments have undergone but 
little  degeneration, though  as  yet there  has  occurred no  union  of 
them with the enclosing wall,  from which they are separated by a 
thin layer of fibrin.  In this wall a  few leukocytes are observable, 
and some fluid has  exuded into the pocket that  contains  the  frag- 
ments.  Between the  twenty-fourth and  the  forty-eighth hour,  if 
the host be favorable, the fragments next to its tissues have united 
with them by a mingling of cells, and some are already vascularized. 
These bits  grow rapidly, and the ones that have lain  free are soon 
embedded in  new-formed tissue,  and  themselves have  opportunity 
for vascularization.  Quite characteristic of this  vascularization  is 
the  formation of many thin-walled sinuses,  greatly distended with 
blood.  Not  infrequently a  sinus ruptures,  with the result that the 
graft is replaced by a  hemorrhagic cyst in which float the necrotic 
embryonic fragments.  In some hosts the occurrence of such acci- 
dents  seems  to  be  the  expression  of  a  general  tissue  peculiarity. 
The  table  on  " Fate  of  Grafts  A  and  B  in  the  Same  Animal" 
affords illustration of this. 
Cell-division in  the growing mass is  almost wholly by amitosis. 
Within  four days the fragments are knit together by a  stroma and 
well vascularized.  A  large part of this stroma is derived from the 
proliferated embryonic connective-tissue, which has so  far assumed 
the  appearance  of  that  elicited  from the  host  as  to  be  no  longer 
distinguishable except by its position.  The cartilage has grown to 
ten or twenty times its original bulk; the squamous epithelium has 
formed cysts,  often with  hair  follicles  about  them;  but  the  more 
delicate elements have degenerated into small islands of debris that 
stain  pink  with  eosin.  Not  infrequently a  cyst lined by  a  single 
layer of cylindrical, or pavement, epithelium is present, more rarely 
a  few acini of cubical cells.  The abundant stroma in some measure 
pushes apart the fragments.  For a  few more days growth goes on 
actively and then degeneration becomes dominant. 
In an unfavorable individual, on the other hand, grafts show at 
the end of the second day slight or no cellular connection with the 
host,  and there is  absence of vascularization.  The  great mass  of 
fragments remains lying free.  At the  fourth day much the same Peyton  Rous.  351 
general  picture  is  presented.  There  has  been  no  formation  of 
stroma, and degeneration is already far advanced.  At the seventh 
day the  fragments are  still  unorganized,  they stain  a  diffuse pink 
with eosin, and the necrotic mass is enclosed by a thin zone of fibro- 
blastic  tissue  from  the  host.  The  dead  cartilage  and  squamous 
epithelium are easily recognizable.  At the end of seven days some 
few living bits  of these are yet to be  found,  which have survived 
because of their position next the host tissues. 
All  gradations  are  encountered between  the  successful  "take" 
and complete failure.  So too it is with tumor-grafts. 
In  several  details  the  " take "  of  an  embryo graft  differs  from 
that  of most tumor grafts.  The embryonic connective-tissue pro- 
liferates actively, whereas that  introduced with a  bit  of carcinoma 
dies,  and its place is taken by cells  from the host.  In this  respect 
the course of events in the embryo-graft more nearly resembles that 
in  a  graft  of  carcinoma sarcomatodes,  since  there  both  epithelial 
and  connective-tissue elements  survive  transplantation,  though,  as 
Haaland  17  showed,  dependent  for growth  on a  reaction  from the 
host. 
A  more  important  difference has  to  do  with  vascularization  of 
the graft.  For embryonic tissue this  takes place,  in part at least, 
by  end-to-end  anastomosis  of  new  capillaries  from  the  host  with 
those already present in the tissue introduced, just as happens with 
Krause's skin graft.  In consequence one finds, sometimes after so 
short a period as twenty-four hours following implantation, sinuses 
in the embryonic tissue engorged with host's blood.  The vasculari- 
zation of a  tumor-graft is much slower because there is no end-to- 
end  anastomosis  of  vessels.  Its  occurrence  in  tumor-grafts  has 
yet to be reported. 
This  distinction,  important  as  it  may appear  at  first  sight  does 
not  affect the real  issue.  For  just  as  every strain  of tumor calls 
forth its own peculiar stroma reaction (Bashford), so may grafted 
embryonic tissue  be  considered  to.  Indeed,  it  will  probably  be 
found  that  each  viable  element  of  this,  and  every adult,  normal 
tissue capable of growth on transplantation, calls  forth what might 
17 M.  Haaland, Third  Scientific Report of the Imperial  Cancer Research Fund, 
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be termed a  specific, supporting  reaction.  Whether vascularization 
proceed by ingrowth  or by direct anastomosis, whether the injected 
connective-tissue lives or dies, a  reaction  from the host may be con- 
sidered necessary for growth of a graft.  This is true of implanted 
embryo and of implanted  tumor.  Natural  resistance  of the host is 
expressed  in  both  instances,  by failure  of  the  reaction  to  occur. 
Interesting  corroborative  evidence  is  furnished  by  a  study  of 
grafts in which tumor and embryonic tissue have been mixed.  Not 
only will they grow in intimate  association, but where one  fails be- 
cause  of  lack  of  reaction  from  the  host,  the  other,  as  a  rule,  is 
observed  to  have  done  so  more  or  less  completely,  depending  on 
which  tissue  is  more  robust  in  withstanding  adverse  conditions. 
This is especially noticeable in partial  "takes"  of the mixed graft. 
In those regions of such a graft that show a  stroma reaction,  tumor 
and embryo may be found growing excellently side by side;  and  in 
the  parts  where it is absent  both have  died.  Plate XXIX,  Fig.  6, 
and Plate XXX, Fig.  7, of sections from the same nodule illustrate 
this.  Such  pictures  are  not  always  observed,  since  some  tumors 
have so infiltrative  a  tendency,  or so avid a  growth,  as to  far  out- 
strip the embryo; whereas others are so delicate, or so slow to gain 
a  foot-hold, that the cells do not withstand the conditions in a mixed 
graft,  and  any  mass  formed  is  made  up  wholly  of  embryonic 
elements. 
The behavior of hashed mouse-embryo in the subcutaneous tissue 
of rats  has  an importance  is  view of the  well-known  fact that  the 
tumors  of white mice do not survive transplantation  to white  rats, 
though  the  cells live  for  some days, and,  indeed,  may give  rise  to 
small  nodules.  RusselP 8 has  studied  the histology of  these  cases, 
and  has pointed out that  a  vigorous stroma of rat-tissue  is  formed 
for the tumor-cells of the mouse but does not prevent their "death. 
When  hashed  mouse-embryo  is  injected  into  the  subcutaneous 
tissue of white rats  a  nodule develops within  the course of  four or 
five days.  This  may be small  or  it  may be nearly  twice  as  large 
as that  which would have been obtained after the same period in a 
favorable  mouse.  Macroscopically  such  a  nodule  consists  of  a 
i~ B.  R.  G.  Russell,  Third  Scientific  Report of the  Imperial  Cancer Research 
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tough,  pale,  translucent  tissue  through  which  are  scattered  small 
opaque masses.  Microscopically these latter are identifiable as bits 
of embryo, more or less well preserved,  and  they are  embedded  in 
a  profuse  stroma.  While at the  seventh  day, growth  of such  em- 
bryonic  fragments  is at its height  in the subcutaneous tissue of the 
mouse, already in the rat most of the fragments are far degenerated. 
One finds dead epithelium in the form of cysts, showing that growth 
did  take place  for a  brief period;  masses  of debris  that  stain  pink 
with  eosin;  much  cartilage,  vacuolated  and  hydropic,  and  some 
few bits  that  have  lived  and  grown  (Plate  XXX,  Fig.  8).  The 
stroma in which these are embedded is in its origin easily traceable 
to the host,  and  it contains  none of the engorged sinuses that are a 
striking  feature of the graft  in the mouse.  There is no end-to-end 
anastomosis  of blood-vessels,  and  the  embryonic  connective-tissue, 
during  the  brief  period  it  lives,  is  still  distinguishably  embryonic. 
In  the abundant  stroma  formed by the  host an  occasional  foreign- 
body giant cell may be found in the region of the fragments.  Even 
when the host is a  mouse such cells are not  infrequently  seen,  bor- 
dering  on  dead  portions  of  the  graft.  Mouse  embryo,  then,  like 
mouse tumor,  when  injected  into  the  rat,  lives  for  some days and 
calls  forth  a  profuse  connective-tissue  reaction. 
Russell in his  discussion of the course of mouse-tumor grafts  in 
the  rat  assumes  that  the  stroma  is  in  principle  the  same  as  that 
elicited  from  mouse-hosts;  and  he  remarks  on  the  strange  fact 
that,  whereas in mice the immediate growth or death  of the tumor 
depends on the  formation  or non-formation  of this  stroma,  in  rats 
the  presence  of a  stroma  fails  to insure  life  to the  neoplasm. 
The  fact becomes no longer strange  if one looks on the  reaction 
of  the  rat  simply  as  a  reaction  to  mouse-tissue  as  such,  not  as  a 
specific, supporting reaction for the neoplasm.  Such an assumption 
has  much  in  its  favor.  Although  the  embryo mass  calls  forth  in 
the rat  a  stroma,  this  differs greatly  from  that  in  the mouse,  both 
histologically  and  in  its  relationship  to  the  implanted  material.  I 
have  found  that  when  a  series  of  rats  and  mice  are  injected  with 
the same embryo mass,  in all the rats a  stroma reaction takes place, 
irrespective of whether the introduced  fragments  live or die; while 
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growth of the tissue.  It would seem that here the rat is responding 
to  a  stimulus  more  general  than  that  which  in  the  mouse  causes 
stroma-formation.  As  a  further  test  a  very delicate  mouse-tumor 
was injected into rats.  In these, an abundant stroma was promptly 
formed  for  the  degenerating  cells,  while  in  mice,  injected  at  the 
same  time,  a  stroma  only  exceptionally  resulted,  and  the  majority 
of  the  grafts  died.  It  is  difficult  to  regard  the  stroma  of the  rat 
in  such  instances  as  specifically  elicited  by the  neoplasm,--a  neo- 
plasm so delicate that under the far more suitable conditions of the 
mouse-host  it  is  rarely  able  to  call  forth  the  supporting  reaction 
necessary to growth.  That an active mouse-tumor may proliferate 
for a  short period in the rat,  and the adjoining reactive connective- 
tissue adapt itself passively to the new-formed structures  cannot be 
denied.  But that in its r61e as a neoplasm it elicits stroma is hardly 
to be granted  in view of the  above facts.  These  indicate  that  the 
stroma  is a  reaction  of the  rat  to mouse-tissue  as such,  whether  it 
be capable of growth or certain to die at once.  Levin  1~ has pointed 
out  that  the  reactive  proliferation  of  the  connective  tissue  of  the 
rat  is notably profuse. 
In the variability of its  fate in different individuals,  in it,  depen- 
dence on a tissue-reaction  for growth, and in the events that  follow 
its  introduction  into  rats,  mouse-tumor  resembles  mouse-embryo, 
a normal tissue capable of growth on transplantation.  In so much, 
at least,  that has been often regarded  as unique are the phenomena 
only secondarily characteristic  of tumor.  Primarily they are tissue 
phenomena. 
Thus  far  in  the  present  paper  comparison  of  the  fate  of tumor 
grafts  and  embryo  grafts  has  concerned  itself  mostly  with  the 
changes involved in their growth and failure.  Some of the  factors 
which lead to these results will now be taken up.  It is known that 
a  number of natural  characters  of the  individual,--age  race,  food, 
nutrition,--affect  his behavior as a host for implanted tumor.  Are 
they  active  for  implanted  embryo,  and  in  the  same  way?  Are 
animals resistant to tumor growth resistant  also to embryo growth ? 
And, finally, is the resistance of the individual  to the growth  of en- 
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grafted tumor simply one expression of a  resistance to the growth 
of engrafted tissues in general ? 
Taking  up  these  matters,  I  have  made  numerous  observations 
with  implanted  embryo,  often  in  parallel  with  tumor,  selecting 
batches  of  animals  of  different ages,  nutritive  condition,  etc.  In 
recognition of the  fallacy that  pertains  in transplantation  work to 
isolated  observations,  each  experiment has  been done  with  a  con- 
siderable series of mice, and the results have been read in averages. 
The injections have been quantitative in the subcutaneous tissue of 
the  side.  Embryo mass  to  the  amount  of  o.o2  cubic  centimeter 
produces in favorable individuals a nodule without central necrosis, 
but larger amounts usually fail to become organized throughout. 
For the first two or three days after injection, an embryo graft 
can be  felt through the skin as a  soft strand,  and when failure to 
take occurs, this may nevertheless become fairly defined, owing to 
changes about  the dead tissues.  But  it  does not gain in  size and 
disappears  progressively.  When  the  graft  "takes"  a  nodule 
rapidly  develops  from it,  that  firm,  elastic,  oblong,  can  be  rolled 
beneath the finger.  From an initial mass of o.o2 cubic centimeter a 
nodule Io by 4 by 3 millimeters in size  (or of a bulk six times that 
injected)  may develop within six to eight days.  Measurement by 
palpation  tells  much as to  the success of grafts,  though there  are 
many  border  cases,  partial  takes  for  example,  or,  more  rarely, 
instances  of  inflammatory proliferation  about  the  dead  tissue,  in 
which this method is useless.  At best it indicates very roughly the 
results.  A  special error is introduced by the bursting of one of the 
thin-walled sinuses characteristic of the vascularization of embryonic 
tissue.  The hemorrhagic cyst that results  feels on palpation much 
like an actively growing nodule.  All these were discarded in cast- 
ing up the results.  Infection of the graft is rarely met with and is 
usually  recognizable  on  palpation,  owing  to  the  induration  and 
skin  involvement. 
As  a  rule,  the  animals  were  killed  on  the  seventh  day  after 
injection,  and  careful notes  made  of  the  condition  of  the  grafts. 
At this period, the embryonic tissue has nearly reached its limit of 
growth,  and  a  general  retrogression  is  not  far  off.  Energetic 
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perceptible  headway.  With  a  little  experience  it  becomes  easy to 
tell  from macroscopic examination  the  fate  of the tissues.  For  in 
the case of tumor the little nodule, if living, is translucent  and firm; 
if  dead,  it  is  soft and  opaque,  as  is  the  case with  dead  embryonic 
tissue.  But  if  this  latter  has  " taken,"  the  firm,  cystic,  irregular 
nodule already described is  formed.  It contains small cysts, trans- 
lucent  bits  of  cartilage,  recognizable  as  such  macroscopically,  and 
it  is  held  together  by  a  well-defined  stroma. 
For many intermediate  cases a  microscopic view alone can  settle 
the  fate  of the  implanted  tissue.  Sections  were,  therefore,  made 
of  every graft.  But  intermediate  cases  proved  less  important  to 
the  interpretation  of  experiments  than  those  in  which  outspoken 
failure  or  success had  occurred.  So many  small  factors  influence 
the  fate  of  the  graft,  such  as,  its  exact  position  in  the  host,  the 
parts  of  it  which  are  next  to  the  host  tissues,  the  proportion  of 
viable  fragments,  etc.,  that  a  conclusion  from  results  other  than 
the  most  striking  is  hardly  to  be  attempted.  As  in  the  case  of 
tumor,  both the presence of growth and  its amount  require  consid- 
eration.  But  there  is  the  weighty  difference  between  growth  of 
mouse-tumor and growth of mouse embryo that the one goes on and 
becomes  progressive,  whereas  the  other  ceases  after  seven  to  ten 
days.  It  was  necessary  to  autopsy  the  animals  before  this  dis- 
tinction  had  begun  to  manifest  itself. 
By three methods, then,  the  fate of every graft  was determined: 
by palpation  through  the  host's  skin,  by macroscopic  observation, 
and by sections.  For purposes of conciseness the first of these will 
be largely  relied  upon  in  presenting  results. 
Nutrition  of  the  host.--Among  factors which  influence  the  suc- 
cess  of  transplanted  tumor  this  has  been  recognized  as  extremely 
important.  The  unfavorable  influence  of  poor  nutrition  of  the 
host  has  been  a  matter  of  general  observation.  Moreschi 2°  has 
shown with some exactness  that,  when the  food of inoculated  ani- 
mals is reduced to the minimum compatible with life, tumors develop 
less  frequently  and  grow  more  slowly  than  in  controls.  Others 
have noted that  in sick animals,  presumably as a  matter of nourish- 
ment,  tumors  do  not  " take"  or  grow  well.  In  using  grafts  of 
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embryonic  tissue  I  have  been  repeatedly  struck  with  the  impor- 
tance of health and nourishment of the host.  The following is an 
illustration. 
Seventeen mice of the same lot, three-fourths grown, were inoc- 
ulated on one side with 0.02  cubic centimeter of tumor mass,  and 
on the other,  with a  like amount of embryo mass.  The  embryos 
used  were  1.4  centimeters  long,  the  tumor  an  adeno-carcinoma 
(No. 33), originally propagated from a New York mouse.  Within 
three days after inoculation, seven of the animals were taken with 
an enteritis, characterized by diarrhoea and emaciation, and on the 
seventh day one died.  The grafts in all were measured by palpa- 
tion on this day.  The figures that follow indicate the approximate 
transverse  measurement  in  millimeters  of  each  strand  or  oblong 
nodule, as  ascertained by palpation during life. 
TABLE  II. 
Malnutrition. 
Healthy.  Diarrhcea--E  maciat  ion, 
A  A 
Tumor  ............... 3  3  3  3  2  3  3  4  3  6'  2  2  I  I  I  2 
Embryo  .............. 4  4  3  3  2  5  4  4  3  4  3  2  I  I  I  2  I 
Measurements on seventh day. 
Died on seventh day. 
It will be  seen how much more considerable was  the growth of 
both embryo and tumor in the healthy, well-nourished animals.  All 
were killed on the  ninth  day.  Direct  measurement of  the  grafts 
at  that  time  yielded a  contrast  similar  to,  but  not  so  marked  as, 
that in Table II.  On palpation through the skin the consistence  of 
the  nodule  has  much  to  do  with  its  size,  and  this  consistence  is 
determined  by  the  organization  or  death  of  the  graft.  It  was 
found that only in the sick animals had failure of any of the grafts 
occurred.  Microscopically,  in  three  of these  both  embryo  and 
tumor had  failed totally, and  in  the  other  four the  "takes"  had 
been  only partial,  as  compared  with  excellent  "takes "  in  all  of 
the healthy mice.  No evidence of infection of the grafts was seen, 
either  macroscopically or  histologically.  The  age  of  the  animals 
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shown,  to  embryo growth  also.  The  observation  given  is  but  one 
among  many.  In  thin  mice  without  obvious  illness  it  is  notably 
the  rule  for  embryo-grafts  to  have  poor  success.  The  nutritive 
condition  of  the  host  influences  very greatly  the  grafts'  fate;  and 
in  experiments  this  factor  is  always  to  be  reckoned  with.  Only 
when  animals are  in the  same general  body state,  are  fed the  same 
food, and are kept under  identical conditions,  can results with them 
be trusted. 
The  question  of nutrition  in  its  immediate relation  to  the  grafts 
has  been  dealt  with  to  some  extent  in  a  discussion  of  the  fate  of 
mixtures  of  tumor  and  embryo.  It  has  been  pointed  out  that  in 
such  a  mixed  graft  both  tissues  have  a  tendency  to  grow  or  fail 
at  the  same  situations.  This  suggests  that  they  require  much  the 
same  immediate  nutritive  conditions. 
Age  of  the  Host.--Bashford 21  was  the  first  to  show  that  mice 
not yet grown are more favorable than adults as hosts for implanted 
tumor; and his observations have been abundantly confirmed.  It is 
now  customary  in  the  routine  transplantation  of  tumor  to  use 
animals  one-half  to  three-fourths  grown  in  order  to  obtain  the 
favoring influence of youth without the large mortality incident  to it 
at earlier periods.  The following experiments demonstrate that em- 
bryo grafts  succeed  better  in  such  hosts  than  in  adults. 
EXPErimENT I.--Eight adult white mice and eleven three-fourths grown were 
injected  with  0.02 cubic  centimeter  each  of  embryo mass  (embryos  1.4  centi- 
meters long).  Measurements by palpation were made on  the  seventh day and 
the  animals  killed  and  examined.  Table III gives,  in  millimeters,  the  approxi- 
mate transverse measurement of the  nodules,  as  obtained  on palpation. 
TABLE  IlL 
Grafts in Old and Young Mice. 
Grafts at seventh day. 
Eight Adults  ..........  2  2  i  2  3  i  3  I 
Eleven  Young  ........  3  3  3  3  3  2  3  3  3  2  2 
At  autopsy all  of  the  grafts  in  the  young  were  found  as  firm,  translucent 
nodules.  In three of the  eight  adults  similar  nodules  were present,  but  in  the 
other  five most of the  embryonic  tissue  was  opaque  and  dead. 
=E.  F.  Bashford;  J.  A.  Murray,  M.  Haaland  and  W.  H.  Bowen,  Third 
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EXPERIMENT II.--Seven adult mice and five three-quarters  grown were given 
each  o.o3 cubic  centimeter  of  embryo  hash  subcutaneously.  The  embryos  for 
this were 2.2 centimeters in length.  The transverse  measurements  of the grafts 
in millimeters,  as obtained by palpation at the tenth  day, are given in Table IV. 
TABLE  IV. 
Grafts in Old and  Young Mice. 
Grafts at tenth day. 
Seven Adults  ..........................  3  2  2  2  2  3  2 
Five  Young  ...........................  4  3  4  3  3 
These  animals  were  allowed  to  live  for  nineteen  days,  and  it  was  found 
at  autopsy  that  retrogression  had  gone  so  far  in  the  grafts,  that  there  was 
small  choice between  them.  The youth of some of the hosts  had not retarded 
retrogression. 
EXPERIMENT IlL--Three half-grown white mice and eight adults  were killed 
on the eighth day after an injection into each of o.o4 cubic centimeter of embryo 
hash  (embryos  1.5  cer~timeters  long).  This  amount  was  so  large  as  to  make 
difficult  its  complete organization; and during life little  difference in size  of the 
grafts  was  noted. 
Autopsy showed in the three young mice, healthy, cystic,  largely cartilaginous, 
nodules,  held  together by a  delicate  stroma;  whereas  in two of the eight  adults 
the  embryonic  tissue  was  dead,  in  five  others,  there  had  been  some  growth, 
and  in one only had  a  good "take"  occurred. 
Whether  extreme  youth  of  the  host  is  a  condition  favorable  to 
the  growth  of tumors  is  yet unsettled.  In  Bashford's  experiments 
no  animals  less  than  two  weeks  old  were  employed. 22  F6r623 
found that implanted  embryo did not succeed as well in chicks  as in 
adult  fowls.  I  have carried out experiments  with  both embryo and 
tumor,  using  mice  one  to  three  days  old.  The  results  will  be 
detailed  in  a  separate  paper.  They  would  seem  to  indicate  that 
these  very  young  animals  are  unfavorable  as  hosts  for  embryo, 
while  for  tumor,  if  it  succeed  in  obtaining  a  foot-hold,  they  show 
themselves  especially  suitable.  The  question  presented  is  probably 
one of relative  "avidity"  of the  implanted  and host tissues. 
Race  of  the  Host.--The  fate  of  embryo  grafts  introduced  into 
animals  of  a  different  species  (mouse-embryo  into  rats)  has  been 
demonstrated  to be in essential  the same as that of tumor-grafts. 
E.  F.  Bashford, J.  A.  Murray and  M.  Haaland,  "Third Scientific Report of 
the Imperial  Cancer Research  Fund,  19o8, p.  359. 
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To  test  whether  the  race  of  the  host  influences  the  success  of 
embryo-grafts as it does that of tumor,  I  have transplanted  material 
from white  mice  into  both  whites  and  blacks  of  the  same  approxi- 
mate  age  and  nutritive  condition.  While  it  does  not  follow  that 
resistance to tumor varies with the color of an animal's coat, or with 
other  external  characteristics, 24  yet  it  may  be  taken  as  a  general 
law that  a  tumor  is most easily transplanted  to animals  of the  same 
variety  in  which  it  appeared.  This  can  be  tested  for  embryo, 
though  that  is  hardly necessary in view of  facts  with  regard  to the 
grafting  of  normal  adult  tissues,  showing  that  these  respond  best 
to auto-transplantation,  less  well  to  iso-transplantation,  and  poorly, 
if at  all,  to hetero-transplantation. 
EXPERIMENT I.--Nine black  and ten white  mice  of unknown parentage  were 
injected  subcutaneously  with  0.04 cubic  centimeter  each  of  a  mass  made  of 
embryos  from a  white  female.  These  embryos were  1.  4  centimeters  in  length. 
Owing to the  fact that the skin  of the black mice was thicker than  that  of fhe 
whites,  measurement  on palpation  proved  fallacious. 
Autopsy of  all  was  performed  on  the  eighth  4ay,  and  the  results  as  here 
given are from macroscopic and microscopic findings.  They have been arranged 
in the order easiest  for comparison. 
Grafts 
Adults  .............. 
TABLE  V. 
in Black and  White Mice. 
White mice.  Black mice. 
Excellent growth.  Fair growth. 
Fair  growth.  Slight growth. 
Fair  growth.  Slight growth. 
Fair  growth.  Graft  dead. 
Slight growth.  Graft  dead. 
Graft dead.  Graft  dead. 
Graft dead.  Graft  dead. 
Good growth. 
Fair  growth. 
f  Excellent growth. 
Young  (~  grown)..  Excellent growth. 
Excellent growth. 
EXPERIMENT lI.--Sixteen black and fourteen white mice of unknown parent- 
age  were  used  in  this  experiment.  The  material  for  injection  came  from  a 
white mouse, and consisted of embryos I.I centimeters in length,  decapitated  and 
eviscerated.  Of  this,  0.02 cubic  centimeter  was  implanted  in  each  animal. 
Autopsy was  done  at  the  seventh  day.  The  results  are  from the  macroscopic 
and microscopic examinations. 
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Grafts 
Adults .............. 
Young  (~  grown).. 
TABLE  VI. 
in Black and  White Mice. 
White mice. 
Excellent growth. 
Excellent growth. 
Very good growth. 
Very good growth. 
Good growth. 
Good growth. 
Slight growth. 
Graft  dead. 
Graft  dead. 
Excellent growth. 
Excellent growth. 
Excellent growth. 
Good  growth. 
Black mice 
Excellent  growth. 
Good  growth. 
Good  growth. 
Fair growth. 
Fair growth. 
Graft dead. 
Graft dead. 
Graft dead. 
Graft dead. 
Graft dead. 
Excellent  growth. 
Excellent  growth. 
Good  growth. 
Fair growth. 
Fair growth. 
Slight growth. 
While the black animals proved  somewhat unfavorable as hosts 
for the embryo mass, there were striking exceptions.  In the young 
individuals, growth was good,--illustrating again the importance of 
age of the host; and in occasional adults the graft developed well. 
So, too,  it is with transplantable tumors.  The immunity based on 
race, age, or other natural  factors like that acquired from inocula- 
tion,  is  seldom  absolute.  There  occur  individuals  which,  acting 
against  the  rule,  are  still  susceptible.  The  cause  for  this  is 
unknown. 
Sex.--The sex of the host does not  influence the fate of trans- 
planted  tumor  nor  that  of  transplanted  embryo. 
So  far  as  the  foregoing  factors  determine  the  character  of  a 
host, it may be said that the question as to whether the behavior of 
the individual to implanted embryo and implanted tumor is relatively 
the  same  has  been  answered  in  the  affirmative.  Tumor tissue  is 
probably  much  the  more  delicate  as  an  indicator  of  peculiarities 
in  the  host,  by  reason  of  the  opportunities  afforded  through  its 
prolonged growth. 
There  remain  untested  important  influences.  Haaland  25  and 
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N~gre 2°  have  shown  that  changes  in  food  will  alter  an  animal's 
status as a  potential  host  for tmnor.  Pregnancy is known to exert 
an  influence. 27  I  have  made  large  numbers  of  parallel  observa- 
tions  with  tumor  and  embryo  on  animals  in  which  these  factors 
were, so far as possible, controlled.  But the tissues used in parallel 
were  obtained  from  different  individuals,  came  from  a  different 
soil, so to speak, and this must necessarily have affected the  results. 
While it seemed that in general the new host's influence was similar 
on both grafts yet this has not been fully demonstrated. 
Acquired  Immunity.--The  conditions  which  determine  a  host's 
natural  resistance  have been  discussed.  But  it  is  well known  that 
an immunity against  implanted  tumor can be induced.  Is it possi- 
ble to bring  about a  similar  immunity  to implanted  normal  tissue ? 
Acquired  resistance  to  implanted  tumor  manifests  itself  in  the 
same way as the  natural,  that  is,  by the  non-appearance  of a  sup- 
porting  stroma  for  the  graft. 2s  Distinct  evidence  of  cytotoxic 
action  on  the  introduced  tissue  is  lacking;  and  at  present  there  is 
little  reason to believe that  the  immunity  is  cytotoxic in  character. 
Indeed it cannot be referred to any class hitherto  known.  Bridr6 u9 
and  Bashford,  Murray and  Haaland  consider it a  tissue immunity. 
A  method which has commended itself for the production of such 
immunity  is  that  of inoculation  into  susceptible animals  of tumor- 
cells,  living,  but weakened in some way.  I  have  been struck with 
the degree of protection brought  about by an intraperitoneal  inocu- 
lation  of a  weak suspension of tumor material  in normal  salt  solu- 
tion.  With  a  suspension  of  embryonic  material  the  method  has 
been  used  in  the  following  attempts  to  produce  an  immunity  to 
embryonic tissue. 
EXPERIMENT I.--Eleven adult  mice were given intraperitoneally  I  cubic centi- 
meter each of a thick suspension  of mouse-embryo in normal  salt solutoin,  as ob- 
tained by rubbing up  the material in a mortar  and  filtering through  sterile gauze. 
These  embryos  were  1.8  centimeters  long.  Ten  days  later  the  animals  were 
inoculated subcutaneously  with o.o2  cubic centimeter  each  of  a  mass  made  from 
L.  N~gre,  Compt.  rend.  Soc.  de  biol.,  19o9, lxvii, 28. 
"~M.  Haaland,  loc.  cit.;  L.  Cu6not  and,  L.  Mercier,  Compt.  rend.  Soc.  de 
biol.,  19o9, lxvii, 736. 
~* B.  R.  G. Russell,  loc.  cit. 
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embryos  1.2  centimeters  in  length.  Seven  controls  of  the  same  size  and  age 
were  also  inoculated.  The  results  on palpation  at the  seventh  day  follow.  The 
approximate  transverse  measurement  of  the  nodules,  in  millimeters,  is  given. 
TABLE  VII. 
Immunity. 
Graft at seventh day. 
Eleven  Emulsion  Mice ........  I  2  I  I  -3  V  2  0  0  "~ 
Seven  Controls  ...............  2  I  -~-  I  3  -~-  3 
i  + 
All the animals  were  autopsied  on the eighth  day.  In  one  that had  received 
the  suspension  there  was  a  fair  "take";  in  two,  a  partial  "take";  and  in  the 
remaining eight all the embryonic tissue  was  dead.  Of the controls  five  showed 
an excellent "take," and in the remaining two  the graft  was  dead. 
ExPERIM~N:r  II.--Fifteen  mice  three-fourths  grown,  were  injected  with  sus- 
pension as  in Experiment I,  and reinjected  eleven days  later.  For  the  first  sus- 
pension embryos  1.5 centimeters in length were  employed;  for the las~ others of 
the  same  size.  Ten  days  after  this  second  treatment  all  were  given  subcuta- 
neously  o.o2  cubic  centimeter  of  embryo  mass  (embryos  1.5  centimeters  long) 
and seventeen controls of the same age and lot received a  like dose.  The  results 
on palpation and on  autopsy at the seventh day follow.  The  approximate  trans- 
verse measurement  in millimeters  of  the  oblong nodules  is  given. 
TABLE  VIII. 
Immunity. 
Graft at seventh day. 
Fifteen  Emulsion  Mice. 
i  i  +  2  i  i  i  ++  i  i  i  i  + 
Seventeen  Controls. 
I  I  I  323  2  I  I  2  3  I  2  2  +  I 
Partial 
Take.  Take.  Failure. 
o  6  8 
2  9  7  I 
EXPERIMENT IlL--Ten  mice,  one-half  to  three-fourths  grown,  were  injected 
with  a  thick  suspension  of  embryonic  tissue.  For  this  embryos  2.2  centimeters 
in length were employed.  There were also injected seven control animals of the 
same size and lot with  1.0 cubic centimeter of 0.9 per cent.  sodium chloride solu- 
tion.  Ten  days  later  all  were  implan{ed  with  0.02  cubic  centimeter  of  embryo 
mass in the subcutaneous tissue of  each  side.  Embryos  i.i  centimeters  in length 
went  to make this mass. 
Palpation  during  life  showed  that  the  grafts  grew  better  in  the  control 
animals.  Autopsy  was  done  on  the  seventh  day.  The  results  are  presented  in 
Table I,  " Fate of  Grafts A  and B  in the  Same  Animal."  In  five of  the  control 
animals  (Column  II)  good growth  had  occurred;  in  one,  hemorrhage had  taken 
place;  in  another  the  grafts  were  dead:  whereas  of  the  ten  immunized  mice 
(Column  I)  two  only  showed  good  growth  of  the  grafts,  one  fair,  one  slight; 
in  one  hemorrhage had  occurred  and  in  five the  graft  was  dead. 
The  mice  of  these  last  two  experiments  were  at  an  age  most  favorable  to 
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It  is  evident that  resistance  to the growth of implanted embryo 
can be brought about by a  method similar to that  used  for tumor. 
Furthermore,  a  microscopical  examination  has  shown  that  this 
acquired resistance to implanted embryo manifests itself in the same 
way as that to tumor, namely, by failure of the host tissues to  fur- 
nish  to  the  graft  a  supporting  stroma.  But  the  immunity is  not 
absolute:  in some of the treated animals growth takes place.  This 
has been noted of tumor by others. 
Since the  completion of the  above  experiments a  paper  has  ap- 
peared by Fichera,  3°  detailing the production by another method of 
immunity  to  transplanted  embryo.  Fichera  made  successive  im- 
plantations of rat embryo in rat hosts, waiting always till the nodule 
of one implantation had disappeared before implanting anew.  Thus 
he found that, while growth and retrogression of the first graft re- 
quired  from six  to  eight months,  for the fifth,  it took but  twenty 
to thirty days, although in controls the same material grew and per- 
sisted for months.  It is to be noted that Fichera ignored the effect 
of age of the host, which probably had some importance, in view of 
the fact that his inoculations into each individual required about two 
years, no inconsiderable period in the life of a  rat.  But the strik- 
ing differences between the  results  in the injected  rats  and  in  the 
controls are hardly to be explained through differences in age alone, 
since white rats,  old  and  young, make remarkably good hosts  for 
implanted embryo.  31 
Cross-Immunity.--No  attempts  have been  made to  produce  im- 
munity to  implanted  normal  tissue  by  injections  of  tumor.  But 
SchSne  3~  has  demonstrated  that  immunity  against  tumor  can  be 
produced  with  embryo,  and  Bashford  ~a  and  others  that  it  can  be 
elicited with adult tissues.  These with the  foregoing observations 
link  together more closely tumor-immunity and  embryo-immunity. 
The two are not only similar in principle but would seem to be indi- 
vidual manifestations of a  more general tissue immunity. 
~0 G.  Fichera,  loc.  cit. 
~1 M.  Askanazy,  loc.  cit. 
G.  Sch6ne,  Miinchener  reed.  Woch.,  I9o6,  liii, 2517. 
~E.  F.  Bashford,  J.  A.  Murray  and  W.  Cramer,  Proc.  of  the  Royal  Soc., 
Series  B.,  19o7, Ixxix,  164. Peyton Rous.  365 
SUMMARY. 
The  present  paper  deals  with  a  comparison  of  the  conditions 
which  determine  the  fate  of  transplanted  tumor  and  of  a  trans- 
planted  normal  tissue  capable  of  growth.  Mouse  embryo  and 
mouse-tumor  were employed as material.  It was shown that  indi- 
viduals differ as hosts for transplanted  embryo, some being naturally 
resistant  to its growth,  and  some favorable, just as  is known to be 
the  case where tumor  is concerned.  The  fate of implanted  tumor 
depends directly on whether it elicits  from the host a  vascularizing 
stroma.  So,  too,  it  is  with  implanted  embryo.  Furthermore 
mouse-embryo,  like  mouse-tumor,  when  introduced  into  rats  calls 
forth a  stroma and grows for a brief period. 
In attempt to answer the question as to whether individuals favor- 
able  (or  resistant)  to  implanted  tumor  are  likewise  favorable  (or 
resistant)  to implanted embryo, it was shown that the factors of age, 
nutritive  condition,  and  race,  which  are  potent  in  determining  an 
animal's status as a tumor-host, act similarly in determining that  for 
embryo. 
Using embryonic tissue and a  method which has proven effective 
for the  production  of  immunity  to  implanted  tumor,  an  immunity 
to  implanted  embryo  was  brought  about.  This  immunity  mani- 
fests itself  in  the  same  way as  that  for  implanted  tumor,  namely, 
by an  absence  of  the  stroma-reaction  necessary to  life  of  the  en- 
grafted  tissue. 
These  results  demonstrate  how largely tumor  obeys in  its  adap- 
tation to a new host and growth therein,  the general laws regulating 
a  transplanted  normal  tissue.  Besides  the  phenomena  here  dealt 
with  many  others  that  have  held  the  attention  of  workers  with 
transplantable  tumors  are probably not peculiar to neoplasm.  The 
present findings emphasize the importance  of the tumor-problem  as 
a  tissue-problem;  and  they  further  indicate  how  essential  it  is  in 
cancer  work to discriminate  between characters  unique  with  tumor 
and those which it possesses in common with normal tissue. 366  Comparison of Transplanted  Tumor and  Normal  Tissue. 
EXPLANATION  OF  PLATES. 
PLATE XXVII. 
FIG.  i.  Injecfed embryo graft.  The injection (india ink)  through the aorta 
of the host.  Hematoxylin and eosin. 
FIG. 2,  Embryo  graft.  Typical picture  of  a  successful  graft  (seven  days 
after implantation).  Hematoxylin and eosin. 
PLATE XXVIII. 
Fro.  3.  Tumor  graft.  Typical  picture  of  a  successful  graft  (seven  days 
after implantation).  The tumor is an adeno-carcinoma of rapid growth.  Hema- 
toxylin and eosin. 
FIG. 4.  Failure of  an  embryo graft  (six  days  after  implantation).  Hema- 
toxylin and eosin. 
PLATE XXIX. 
Fro.  5.  Failure of  a  tumor graft  (seven days  after  implantation,).  Hema- 
toxylin and eosin. 
Fro.  6.  Graft of mixed tumor and embryo  (seven days  after implantation). 
From same nodule as Plate XXX, Fig. 7.  Tumor and embryo,  side by side, have 
failed to "fake."  At the margin of the graft a  few living cells  of both persist. 
Hematoxylin and eosin. 
PLATE XXX. 
Fro.  7-  Graft  and  mixed  tumor  and  embryo.  From  same  nodule as  Plate 
XXIX,  Fig.  6.  Tumor  and  embryo  are  growing,  side  by  side.  Hematoxylin 
and eosin. 
Fro.  8.  Mouse  embryo in the  rat  (seven days  after  implantation).  Hema- 
toxylin and eosin. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  Xll.  PLATE XXVII. 
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FIG.  3. 
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Fro.  7. 
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